Upper extremity specific disability as measured with the Disabilities of the Arm, Shoulder and Hand (DASH) questionnaire varies more than expected based upon variations in objective impairment influenced by depression. We tested the hypothesis that adjusting for depression can reduce the mean and variance of DASH scores. Five hundred and sixteen patients (352 men, 164 women) with an average of 58 years of age (range, 18-100) were asked to simultaneously complete the DASH and Center for Epidemiologic Studies Depression Scale (CES-D) scores at their initial visit to a hand surgeon. Pearson's correlations between each of the DASH items and the CES-D score were obtained. The DASH score was then adjusted for the influence of Depression for women and men using ordinary least-squares regression and subtracting the product of the regression coefficient and the CES-D score from the raw DASH score. The average DASH score was 24 points (SD, 19; range, 0-91), and the average CES-D score was 10 points (SD, 8; range,. Fourteen of the 30 items of the DASH demonstrated correlation greater than r=0.20. Adjustment of these DASH items for the depression effect led to significant reductions in the mean (5.5 points; p<0.01) and standard deviation (0.8 points; p<0.01) of DASH scores. Adjustment for depression alone had a significant but perhaps clinically marginal effect on the variance of DASH scores. Additional research is merited to determine if DASH score adjustments for the most important subjective and psychosocial aspects of illness behavior can improve correlation between DASH scores and objective impairment.
Introduction
The Disabilities of the Arm, Shoulder and Hand (DASH) questionnaire is the most popular measure of arm-specific health status [3, 9, 13, 17, 18, 20-23, 26, 31, 32] . The wide variation in DASH scores observed for discrete disease processes in the arm cannot be accounted for by variations in pathology or impairment alone [35] [36] [37] . Recent data have demonstrated strong correlation between depression and DASH scores [37] . If depression determines a substantial portion of arm-specific disability, then it should be possible to adjust the DASH score to account for depression and thereby decrease the mean value and/or narrow the variance of the scores. Decreased variance in measures of disability might facilitate their interpretation. In particular, decreased variance might improve correlation between impairment and disability.
This study tested the hypothesis that adjustment of DASH scores for depression will reduce variation in the scores.
Materials and Methods
During a period of 10 months, all new adult patients in the practice of a single surgeon were asked to complete the DASH and Center for Epidemiologic Studies Depression Scale (CES-D) questionnaires as part of their initial paperwork. Completion of the forms implied consent for participation in our survey-based study. Only age and gender were recorded. No other demographic or illnessspecific data were collected. Eighty-four incomplete questionnaires were not used for a participation rate of 86%. This investigation was performed with Institutional Review Board approval.
Disability of the Arm, Shoulder and Hand Questionnaire
The DASH questionnaire is a 30-item self-report questionnaire that is used to measure arm-specific disability. It was developed by the American Academy of Orthopaedic Surgeons, the Council of the Musculoskeletal Specialty Societies, and the Institute for Work and Health. Patients rate 30 tasks and symptoms using a five-point ordinal scale. The raw score is converted to a scaled score from zero to 100, with higher scores reflecting greater disability [18] .
Center for the Epidemiological Study of Depression
The CES-D instrument was designed to measure a patient's current level of depressive affect. The 20 items on the questionnaire are used to measure various aspects of depression, including feelings of worthlessness, helplessness, depressed mood, lethargy, and other symptoms [34] . Each item is based on a four-point scale from zero to three, and the scale measures how often a patient felt the depressive symptom over the course of a week, with zero being "rarely or not at all" and three being "most of the time" [1, 2, 8, 14, 34] .
Comparisons between men and women were done to determine if the mean initial DASH, the CES-D, or the age differed between the two groups (Student's t test; Table 1 ). Both groups were comparable in terms of depression as measured by CES-D scores but differed significantly in terms of disability (DASH score) and age ( Table 1) . Because of the unexpected difference in age and DASH scores between men and women, additional analyses were done to determine the correlation or influence of age over the CES-D and DASH scores ( Table 1 ). These scores proved to be independent of age, and therefore, differences in terms of the initial DASH score were assumed to depend on the gender. Since gender appeared to be a modifying factor for the DASH score, statistical analyses were run independently for women and men.
Statistical Analysis
Age, DASH, and CES-D all followed a normal distribution for men and women as assessed by the Kolmogorov-Smirnov goodness of fit test. We measured the Pearson product-moment correlation coefficient of each item on the DASH score with the total CES-D score within each group. Items with correlations greater than r=0.20 (14 of 30 questions) were included in ordinary least-squares regression analyses to derive the adjustment formulas for women and men using the inverse of the regression (beta) [7] ( Table 2) . With this method, the product of the negative of the regression coefficient (a) and the CES-D score (b) was subtracted from the initial DASH score (c). The result of this subtraction: x=c−(a×b) was truncated at 0 if the result of the adjustment would have produced a negative number. The rationale of this mathematical model, based on the regression coefficients, was that a patient is predicted to a have a DASH score that is too high by that much per unit of the CES-D score; therefore, the formula adjusts down by that much the initial DASH score (Tables 3 and 4 
; Figs. 1 and 2).
Comparison between the initial and adjusted DASH was done for each gender to determine if the adjustment decreased in variability after removing the influence of depression (independent groups Student's t test). Finally, to verify the effect of our adjustment, we ran Pearson correlations to determine the association between the 
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CES-D scores and both the initial and the adjusted DASH, expecting to find a higher correlation between the CES-D scores and the former than the CES-D and the latter (since depression was factored out). Categorical rating of the Pearson's correlation was determined by the traditional benchmarks: mild correlation, 0.10 to 0.30; moderate correlation, 0.31 to 0.50; and strong correlation, 0.51 to 1.00. Statistical analyses were performed with SPSS 14.0 statistics software (Chicago, IL, USA). Power analysis indicated that a sample size of 150 men and 150 women would provide 90% power to detect an effect size of 0.40 between the mean and variance of the DASH score before and after adjustment for depression (two-tailed α=0.05, β=0.10; version 7.0, nQuery Advisor, Statistical Solutions, Saugus, MA, USA).
Results
Five hundred and sixteen out of 600 patients (352 men and 164 women) with an average age of 58 years (range, 18 to 100 years) completed the questionnaires (86%). The average CES-D was ten points (SD, 8 points; range, 0 to 42 points; 95% CI, [9] [10] [11] and the average DASH score was [17] [18] [19] [20] . The decrease of 5.5 points in the average depressionadjusted DASH score as compared to the initial DASH score was expected based upon the lowered weighting of the answers on 14 questions and was statistically significant (t=17.4, p<0.01). The linear regression equations to predict DASH scores from CES-D scores were:
Women : y ¼ 0:905 Â CES À D þ 9:28:
The regression coefficient for CES-D was highly significant (t=6.59, p<0.0001).
Men : y ¼ 0:468 Â CES À D þ 22:15:
The regression coefficient for CES-D was highly significant (t=3.75, p<0.001). Figure 1 Comparison between the initial and the adjusted DASH in females. Table 3 Adjusted DASH scores for women-depression factored out. -D 0  5  10 15 20 25 30 35 40   0  0  0  0  0  0  0  0  0  0  5  5  0  0  0  0  0  0  0  0  10  10  5  1  0  0  0  0  0  0  15  15 10  6  1  0  0  0  0  0  20  20 15 11  6  2  0  0  0  0  25  25 20 16 11  7  2  0  0  0  30  30 25 21 16 12  7  3  0  0  35  35 30 26 21 17 The calculated adjustment formulas were:
Raw DASH Score

DASH/CES
Adjusted DASH score ¼ Initial DASH Score À 0:905 Â CES À D ð Þ for women and Adjusted DASH score ¼ Initial DASH Score À 0:468 Â CES À D ð Þ for men:
Analysis by Gender
The CES-D scores were comparable between both genders (9 vs. 10 points, respectively, p=0.15). The initial DASH score was significantly greater for men before (27 vs. 18 points, t=−5.1, p<0.001) and after adjusting for depression (22 vs. 11 points, t=−6.6, p<0.001). The reduction of the mean after the adjustment was statistically significant for both groups. Women's reduction averaged seven points (t, −18.1; p<0.001), while men's averaged five points (t, 21.2; p<0.01). The standard deviation was also analyzed since it is an indirect measure of variation. The larger the standard deviation of the DASH score, the wider the confidence interval in consideration and the larger distance between the values to the mean DASH, in other words, the greater the DASH score variation. The standard deviation of the DASH scores decreased in both women and men when adjusting for depression (narrower confidence interval, subsequent decrease of variation). Despite being statistically significant, this reduction was perhaps clinically marginal: two points in women (from 17 to 15 points, p< 0.01) and one point in men (19 to 18 points, p<0.01).
There was a significant moderate correlation between the initial DASH score and the CES-D in women (r=0.45, p< 0.01). There was no correlation between the adjusted DASH and the CES-D (r=−0.01, p=0.84), confirming successful correction with our adjusted model in this group. Correlation between the initial and the corrected DASH was strong and significant in women (r=0.77).
There was a significant but more limited correlation between the initial DASH score and the CES-D in men (Pearson r=0.25, p<0.01) compared to that observed in women. There was no correlation between the adjusted DASH and CES-D (r=0.01, p=0.82), confirming successful correction also in men. Correlation between the initial and the corrected DASH was also significant in this group (r=0.98, p<0.01).
Discussion
According to the World Health Organization, impairments are the manifestations of an underlying pathology and represent objective, physical deviation or loss due to problems in bodily function or structure. Disability refers more generally to activity limitations, whether these are the result of objective physical impairments or psychosocial factors [43] . For some illnesses-stroke, renal end-stage disease, chronic high-resistance flow respiratory disorders, diabetes, among others-there is a strong correlation between impairment and disability. For instance, several papers have documented a substantial correlation between motor impairment and disability after stroke [11, 16, 30, 33, 38, 42] . On the other hand, the correlation between musculoskeletal impairment and disability in the case of musculoskeletal illness in particular is consistently weak. For example, Mock et al. in 2000 analyzed the determinants of disability in 302 patients with fractures of the lower extremity and found that physical impairment was a weak predictor of disability; the most important factors according to this investigation were age, socioeconomic status, preinjury health, and social support [29] . Others have demonstrated low socioeconomic status and older age as strong factors predicting increased levels of disability for various illnesses [6, 15, 25, 27, 28, 44] . One measure of the disparity between disability and impairment is the greater variation in measure of disability than it would be expected based upon variations seen in impairment.
We chose to focus on depression because Jones and colleagues [24] among others have identified depression as one of the strongest predictors of disability in populations with a variety of medical impairments such as renal, pulmonary, or rheumatologic diseases [4-6, 12, 35-37] . The rule holds for arm-specific disability, where recent work has emphasized the influence of depression and other psychological factors on arm-specific disability as measured by the DASH [10, [35] [36] [37] .
While we did observe a significant decrease in both the mean and standard deviation of DASH scores by adjusting for the affect of depression, the decrease in variation was very small. Furthermore, the DASH and depressionadjusted DASH scores were highly correlated, suggesting that adjusting for depression did not provide a clear advantage or notable distinction from unadjusted DASH scores. Consequently, it must be concluded that disability is sufficiently complex that adjustment for one strong correlate (in this case depression) can significantly, but only marginally, decrease the variation in disability scores.
As further evidence of the psychosocial aspects of illness behavior in general and disability in particular, we found that gender had a significant influence on disability. Moreover, the effect of depression on DASH was different for men and women. Differences in the experience of pain and disability between men and women have been observed fairly consistently [19, [39] [40] [41] .
Our study should be interpreted in light of the use of mixed diagnoses and illness stages, no attempt to account for disease and impairment, and the need to discard incomplete forms, since patients that complete the forms may be different from those that do not complete the forms in very important ways. Nonetheless, the fact that we were able to decrease the mean and variation of the DASH scores significantly by adjusting for depression in this broad sample of hand surgery patients promotes the value of considering the psychosocial aspects of illness behavior and of continuing research to understand the differences between impairment and disability. The fact that the changes in scores were marginal and of questionable relevance underscores the complexity of disability and the need for additional research.
